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STRATIGRAPHY OF THE NEOPROTEROZOIC ARUHNA AND DEPOT SPRINGS
SUBGROUPS, ADELAIDE GEOSYNCLINE

by Ian AL Dyson®

Summary.

Dyson. LA 019961 Strangraphy of (he Neoproterozoie: Aruhni snd Depot Springs subgroups, Adeliide
Creveynelime Trans, R Soc 5 Apye C1996) T2, 1O1-115. 29 November 1946,

The Sundrson Subgroup of the Lower Wilpena Group is uiconformiably overluin by the Wilcolo Sandstone
alorogether with he Bunyeron Focmation, comprises the Aruhnag Subgroup. Phe Bunyeroo Fornmnion s in tum
vnconlonmaahly averlin by the Wearime Dolomite which. logether with the overlying Wonoka Eomiahion, s
wssigned (@ the Depot Springs Subgroup, A number of subgeoups in the Lhmberatana and Wilpena wroups s ialso
capped by dolostones thar display similar charcleristics to the Wesrng Dolomite of the Depor Springs
Suhgronp, The dolostones are interpreted ws having been deposited o mtagor. sediment-stryed Dl surfices
inder cold water conditions, @ach ol which s adjseent 1o either oo nigor meised valley ar submarine canvon till
e ditTerentianon of these uncontormity -bounded subgrotps is Based o their recognilion s geactic wiits in
ey oF seguence strativraphy

Kiy Wonis Sequence stsimgraphy, Neoproterpsoio: Aruhoa Subgoup. Depot Springs Subgroup. Bunyeroo
Formution. Wearing Dolamite, Bune Well Member. Artipena Dolomite Menihar, Wileolo Sandstone. Wonokss

Formanon incised valleys, submarine conyons. dolostones. Adelaide Ceosyneline,

Introduction

The strtigraphic nomenclature of the Adelade
Geosyneline emphasises the distinclion betwoeen

chromostratigraphic and  Tithostrafigeaphic units

(Prerss  1987a). The positions of the chrono
stratigraphic units do nob always correspond 1o
lithostratigraphie boundaries. Some lthosuatgraphic
houndaries are unconformitics wul therelore assune
chronostratigraphic significance, while: others are
mappable tithologieal chunges of regional sigmificanee
(Preiss 19870), These differences helween the two
steatig raphies can best be accommaodated by adophng
0oseguence stratierphie scheme. It odepends on
the recognition of mappahle rock units within 4
chirpnostratigraphic Framework ol repetitive,
venelically-related strata hoonded hy unconlormitices
or therr correlauve contornntes. Thuse o revised
stratigraphic nomencluture ol Neoproterozoie
stecessions in the Adelaide Geosvieline could be
based on differentiation of subgroups  wilhin «
seqguence stratigraphe framework (Dyson 19924, b,
1996u), Forbes & Preiss (1987) suggested  There
wars mierit inouniting related depositional units in
single subgroup.
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PEyson VAL CIROS) Sedimentology and stratigraphy off
the Neoproterazone Sandison Subgroup: i stprm-doni-
nated shallow marine sequence in the Adelaide
Cicosyncline, South Austrohw PhD thesis, Flingdeys
University af South Avstralw (anpuh, ).

Sequence analysis ol the Umberdana Group
(Dysan 19925, 19951, 199Gi. by und Wilpena Group
(von der Boreh er el 1985 Dyson 1992h) has led o
the recognition of several  unconformiity-hounded
depositional sequences. noa study of the Sandison
Subgroup  (Dyson (993, strabigraphic  units
immediately overlyimg this sequence were examined
i order o understand berter the spatial and wemporal
relationships af the Lower Wilpena Group.. The
Sandison Subgroup is uncontormably overlain by the
Wileolo Sandstone und twgether with the Bunyeroo
Formaton is herein assigned 1o the Aruhna
Subgroup. Similarfy. the Bunyeroo Formation is
unconlformahly overlain by the Wedaring Dolomile
und together with the Wonoka Formation 1s assigned
o the Depot Springs Subgroup. The  Sandison,
Aruhma and Depot Springs subgroups (Fig. 1) are
delined us geneue umis thae are considered mjor-
unconfarmity-haunded.  deposttional  sequences in
the sense of Mitchum  (1977). OF  particular
sigalicanee s the gature of the Wearing Dolomine and
s relationship 10 other Neoproterozoie dolostones or
unils that contwin appreciable dolomite in the Adelade
Geosyneline, e Nocealeeny Formation, Tindelpina
Shale. Warcowie Dolomite and the Artipena Dolomite
Member (new name) of the Enoramu Shale. The
names “Wilcolo Sandstone™. “Aruhng Subgroup™,
“Depot Springs Subgroup™ and “Artipeni Doloijte
Member™ have been reserved by the Cenlral Regisler
ol Australian Stratigraphic Names,

Aruhna Subgroup

I the southern and central Flinders Ranges, the
ABC Runge Quurtzile s overhah witlh Local
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the Adelaide Geosyneline. Note the stratigraphic position

discontorinity by« thin (2-5 m), massive, purple,
cerrse-gramed 1o pebbly crons-bedded sandstone af
fluvial origin (Plunmee 197%). In places. it iy
interhedded with conglomerate and purple shale. 1
is, in turn. overlain by grevish red <hale and thin,
ineriwdded lenticular sandstone of e Bunyeroo
Formation with o shaep, contormable vcontuct. Dysaon
(1992b, 19951 recognised the regioml signiticance
ol this unconformmity and the nage of the channel-
Tl tacies overlying the uncomformity. The channel-
it Facies s referred W herein as the Wilcolo
Sandsione and is conformably overlain by shale of
the Bunyeroo F-ormution,

The Wilcolo Sinidstone and Bunyerao Fornition
ogether constitule the Aruhna Subgroup (g, 2). 1t
iv a third-order cyele that is everall trupsgressive and
wis deposiled during one castatic Gl and nise ol
retative sea tevel, A reference section is designaled in
Bunyeroo Valtey hetween Aroona Roins and Wileolo
Creek on PARACHILNA, 'The Aruluir Subgroup
wis stndied al Bunyeroo Govge, Mount Terrible,
Partacoomit, Pettana Gorge, Trebiteoek Gap and the
Moonn Goddaret and Angepena Synclines (1fig. 3y A
Lype seetion Ton the Wileols Sandstone (Fig. 4y s

ol dofostones within the Umbceraana and Wilpena Groups,

)

disignated e Witcola Creck, 2 kin south ol
Bunycroo Gorge tlat. 317 257 107 8, fong. 1387 33"

).

Liseer sequence howndary

The Wilcolo Sandstone represenls an neised
valley till near 1he top ol the ABC Range Quarizile,
A shallow palacovatley can be draced  frame the
Aroong Valtey (300 m thick) 10 south of Bunyeroo
Gorge where it altwins o thickness of 3 (Fig. ).
The base of the incised valley fill is imerprejed 1o be
w seguence boumrkny that was cut during o losstand
ol relative sealevel, AL Partacoona (Fig. 3), the hase
of the incised valley s interprered as o combine]
sequence homvdary/iransgressive surluce. A possible
sequence boundiny exists new the op ol the ABC
Range Quartzite wt Hidden Gorge (Fig. 33 Here, the
seguence boundary is overlain by o thick (> 10 my),
very coarse-grained sidstone or conglomerate il
is Lypivally Dimodal and very well-sorted. Tniernally,
diagenetic chert acenrs ax replacements umd
overgrowtha, The same textare 15 observed in the
Wilcolo Sundstone new Bunyeroo Garge.
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Fig. 5. Pebbly cross-bedded sundstone (2 m thick) of fluvial
origin, assigned to the Wilcolo Sandstone, overlying
shllow marine sediments of the ABC Range Quarizite
about 2 km south of Bunyeroo Gorge. The channelised
hase of the sandstone is immediately left of the native
pine in the ventre foreground.
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Fig. 7. Fluviul channel an the base of e Wilcolo Sandsione
is pyerln by a 20 em-thick mature sandstone thal 15 m
turn eradnonally overlain by shale ol the Bunyerou
Foration. The head of the hammer merks the sharp con
1aet berween thetwo sandstones, mterpreted as the (rins-
oressive sorluee

Wilcolo Sandstone

The fluvial channel at the hase of the Wilcolo
Sundstone (Fig. 5) near Bunyeroo Gorge is overlain
by athin (c. <! m), mature sandstone (Figs 6.7} (hat
ofien isplays swaley  eross-stratification 1SCH).
hummocky  cross-stranfication (HCS) and sym-
metrical ripples (Dyson 1992h). The base of the
swaley cross-strutified sandstone s mterpreted as
transgressive  surface. At Partacoona.  dn un-
conlormily al the top of the ABC Range Quarizite is
overlam by 25 m of mature, oll-white quartzite (hal
displays trough cross-bedding of tidal origin and
large symmetrical wive ripples with abundant well-
rotnded clasts of gravel to pebble size, The quartzate
wits depostted in i possible neised valley of simidar
dimensions W that observed in the Arooni and
Bunyeroo valleys. A contact witle overlying shale of
the Bunyeroo Formation was not ebseryved. Near
I'rebilcock Gup wesl of Beltana, the Wilculo
Sandstone varies i thickness from 20-50 m where il

consists of interbedded melre-thick, pehhle (o cobble
conglamerate, medium (o coarse-grained sondstone
and shale, The conglomerate and sundstone display
planar-fubular cross-bedding and SCS respeciively,
and are interpreted as having been deposited e a
shorefuce enviromment witho an mcised valley [il)
About 1.5 km cither side of Treteock Gap. the
mcised valley fill contains large (500 x 100 m) ralts
of drapiric breceiu, thought w hayve slumped into the
meised valley during the early stages ol deposition.
On the south l[imb of the Mount Goddard Syncline. a
areyish red, (ine-grained sandstone erosively overlies
the Ulupa Siltstone. The sandstong, dhout I m thick,
contnins angular (o sub-roanded clasts of diapiric
material sdggesting exposure of o nearby diapic und
is interpreted as being of fluvial origin (Fig. 8).

At Pettana Gorge (Fig. 3), the Wilculo Sindstone is
absent but for a thin remnant of gritty and gossanous
sandstone  [1 s erosively overbun by o boulder
conglomerue at the base ol a submanine canyon in
the Wonoka Formation (Dyson [9951). not mapped
previously on ORROROO (Binks 1968). The buse of
the Wilcolo Sandstone is not exposed at Hallet Cove
(Fig. 3% but at Mount Ternble it i overlain by
mterbeddzd  grevish red  siltstone und - mature
sandstone. At this locahty. the buse of the Wileola
Sandstone s interpreted as o comhined seguence
boundary/trimssressive surface, A similar Situation
exists ot Finke Springs on the north limb ol the
Angzepena Syneline where o thick-hedded. medium-
grained, swaley  cross-stratilfied  sandstone  of
shoreface origin overlies the ABC Range Quarizite
On the south limb ol the Apgepepa Syncline near
Shepherds Bore (Fig, 3). o decimetre-thick. lidally

Fie. &, Conglamerate from the Wilcola Sandstone on the
southern limb of (the Mount Goddard Synchime (0 con-
tains cirbonite clasts of possible diapiric argin Cain i
28 g o diameler,
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vioi-hedded sundsione erosively averlies the Ulupa
Siltstone. Tt iy overlamn by o 30 m-thick section of
interbedded greyish red shitle and sandstone (il
grades upword inw reddish shale of (he Bunyeroo
Farniation,

Bunyverad Pavinition

The Bunyeon Formation (Dalgung & Yohnsen
19041 i 7000 m thick inits Lype sechon at Braching
Ciorge (g 31 where it consists of Liminmaicd
miussive. durk reddish brown shile. The overal)

UpWtrd-fming Suecess1on s punettiafed By o seres of

stbitle, upward-conrsenng cycles i i places ringe
lrom S-10 m thick.  Sedimentary  stiuctures
dssecinted with very fine to hoe-grained sandstone
the 1op ol some cyeles include snill-scale cposs-
hedding and nicro- HCS.

The Bunveroo Fopmation was for the mast part
deposited below storm wave base i g middle o
onter shelf sefting, Dysonr (1992h) placed the
Hunyeroo Formston in d transgressive systems (et
thiae was capped by the former Wearing Dolomile
Membep of the Wonoka Formation,

Lippier sequence honndeary

The sequence boundary at the wp of (he Bunyeroo
Forjnatuon is comerdent with the former Wearing
Dolomile Member of Thomson (1963). 1 is clevated
herein o formation status W rellect s regionnl
sighilicance. Depositon af the Wearing Dolomite is
interpreted gs having been contemporaneous wilh the
canyon upconformity ol the hase of the Wonoka
Farmution (Dyson 19951 19964, k).

Depositional cnvivoniment

The Wilcolo Sandstone wis deposited in a [Tavial
and estugrine (o shallow marine environment. The
Bunyeroo Formanon was deposited in progressively
deeper water in a muddle © outer shell setting und
constitutes w rransgressive systems truct. Thus,
sedimentanon ol the Aruhng Subgroup was upable o
keep up with subsidence, resultiig o depositional
[rafiseression - the sense of Curray (1964), The
Bunyeroo Formation thickens eastward ol the
Torrens Hinge Zone (Fig. 3). Adjucent lo diapirs,
onlapping sediments of the Arvuhng Subgroup re
thin, However. localised thick development of 1lie

Haks, EWo LIORT) Carbonate shielt and basin
sedbmentation., e Proterozoid. Wanoka  Foonation
Santh Australic, PhD theses, University ol Adelaide
unpib .

D Bosa, BAL (1989 Geologic Rislory - seqguence
straigraphy ot the lote Proterazone Wonoks Fonmadion,
nofhern Flinders Ranges Soulhe Australie, PR (hesis,
Flinders University of South Awstealin conpuls )

Bunyerao Formution occurs adjucent o some
diaplrs. A thick. blick succession of sulphide-rich
shalead ncent to the Muentoona Diapir (Coaats 1973)
suggests nnoxie. deep water deposition of the
Bunyeran Formuion, perhaps associated with the
foarmution of o erestal geaben over the dipir due (o
salt depletion. The diapies of (he Flinders Ranges
ollen contain voleanic xenoclasts (Preiss 1987h). il
Conts (1973) suggested that many diapirs on
COPLEY were uetive and u,‘(p()\(‘.(l du['ing d\i‘]..’ﬂ.\lll"ll
ol the hasal Bunyeron Formation. An inlerred
voleanic compenent of the redbeds (Mawson 1339
Plumimer  [9780) may be relaed W deposiriumal
anlap of Bunyeroo sediments adjacent W exposed
diapirs,

Dabymple  (1992)  suggested  thal  estuarine
sandstones were  transgressive in origin hecigse
estuaries owed their existence w manne oosding ol
inctsed valleys, On the other hand, Exxon researchers
(g, Van Wagoner el 1987) angued thar (Tuyia|
sediments at the buse of ineised valleys should b
ansigned 1o the lowstand systems fract deposited
during an initial Tall and subsequent carly rise of
relative sew level, Abernatively, sach fovinl taees
may he the updip equivilent of tryiseressive macme
sandstones. The lack of beach deposity between the
Thivial wnd estuarine sandstones of the Wileuln
Sundsrone at Bunyeron Gorge suguests that the base
of the estuirine sandstone is (he 1rgnsgeessive
surface The ensuing ransgression eroded and
rewolked the former beach sedimenls.

Depot Springs Subgroup

The Wopoka Formation (Dalgarng &  Tohnson
1964) and Wearing Dolomite togetler represent a
transgressive-regressive (1R cyele that s refdmed
1oas the Depot Springs Subgroup (Fig. 1) The Depot
Springs Subgroup constitites an uncontormity-
hounded depositional sequence and was studied at
a4 number of localities on PARACHIENA, COPLEY
and MARREE including Peltana Gorge, Wyuecn
BIuT, Braching Gorge, Bunyeroo Gorge. Beltua
Hill. Mount - Goddurd.  Shepherds  Bore  and
Mundawerting Well (Fig. 3). A reference section [or
the subgroup is designated i1 and adpcenl o
the Patsy Springs cunyon of the Angepena Syncline
near the Depot Springs HL.S, 40 kmocast of
Copley (Fig, 3},

The buse of the Wanoka Formation was mapped on
PARACHTLNA ( Dalgarno & Johnson 1966) whire (i
colour change vecurred above greyish red sandstones
at the wop of the underlying Bunyeroo Fodnation,
This boundary corresponded W a0 rather abrupl
meredse i lime content, Gostin & Jenkins (1983)
defined o decimetre-thick  dplostone  averlying
jeddizh shales al the Bunyeroo Farmation. refened



Fig. 9. Sharp contact between (he: Bunyeroo Formation aned
Wearing  Daolomite i the Angepena Syneline.

Wedring Dolomite s aboul

marked hy the head of the hammer with sedimentary e

ing 1o the right.

Fig. 10,

ARUIINA AND DEPOT SPRINGS SUBGROUPS L

10 informully as the Wearing Dolomite Member
(Thomson 1963), as the base ol the Wonoka
Formation, Jenkins (1993) defined the base of the
Wonoki Formaution in Bunycroo Gorge al the base of
an intraformational conglomerate within the Wearing
Dolomite Member, Haines (19877 divided the
Waonoka into 11 Titholacies wnts, These units were
subsequently udopted by other workers (e.g.. Di
Bona 19804 Christie-Blick e al. 1990) with the
prefix W.

Lonver sequence boundary
The base of the Wearing Dolomite is delmed as
sequence houndary. 1 can be cither sharp or diffuse

- nature, Jenkins (1993) dnlerpreled o sequence
The  boundary at the base of an intralarmational
A0 em fhick. Ms base s gppglomerate within the Wearing  Dolomite,

Wearing  Daolomite  displaying  micro-HCS,
Angepena Syncline.

However, the intraformational conglomerate displays
edgewise clasts thal h;lvc in the pust been interpreted
as stonm roseties (e.g., Dyson & von der Boreh
1986). Dyson (I*)‘)Zh) suggested thal the Wearing
Dolomite represented deposition within a condensed
section thal included a possible maximum flooding
surface. Furthermore, the Wearing Dolomite was
deposited on a sediment-starved hiatal surface below
storm wave base (see helow).

Wearing Dolomiie

The former Wearing Dolomite Member  of
Thomson (1965) 15 a thin cream. dolostone or
dolomitic silistone thar has been mapped over
extensive arens of the Flinders Rianges (Forbes &

Preiss 1987), 1l corresponds to unit | of Haines
(19874). The Wearing Dolomite often sharply

overlies the Bunyeroo Formation with apparent
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Unit W3

Unit W2 if
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Fig 11 Schematic cross-seetion through the Patsy Springs Canvon in the Angepena Synciine (after Dyson 19951). Note

the relationship between dolostones of the Wearing Dolomite,
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Fig. 12 Brecowln himestone of the Weanng Dolomite
unevmtonmalbily overlying the Bunyeroo Formation casi
ol Beltana Tl

conformity (Fig, 90, I 1s charucterised by wavy
parallel kumination dnd, less commonly, by micro-
HCS (Fig. 10V A similar situation exists on (he sonth
limb of the Angepena Syncline and north limb of the
Mount Goddard Syncline. Near Mundawerting Well
and on the northern himb ol the Angepena Syneling,
the Wearing Dolomite splits into two thin dolostones
that are separated by up 1o 25 m ol Taannaed grey
grven shale, Al Pellana Gorge (Fig. 3. a 2 m-thick
boulder conglomerate curs downward o the ABC
Range Quartzite. It marks the base of a shallow
cunyon with an estimated relief of 700m. Aboul S km
south of Pettana Gorge near Wyacca Blull. the
Bunyeroo Formation attins a thickness of about 30
- where it is sharply overlain by a decimetre-thick
dolostone ol the Wearing Dolomiwe with i sharp,
planar contact. 1C s interpreted as the correlative
conformity adjacent to the submarine canyon,

Other dolostones are also genelically related 1o the
Wearing Dolomite at this stratigraphic level (Fig.
L1 About 2 ke cast of Beltana 1011 (g 3), the
Wearing Dolomue passes Taterally i s several
mctre-thick. cream o oriange laminated  dolostone
that s often brecciated and present iy detached
stump Blocks (Lecson & Nixon 1906), Here, it
pverlies reddish shales ot the Bunyeroo Formation
with an angular unconformity (Fig. 12). This
dolostone is thought 1w represent the “wall plaster
veneer™ ol HickolT (1988, A similar relationship
can also he ohserved near Mundawerting Well, und

nlsoeon the sonth Himb of the Angepena Syncline

where the Wearing Dolomite can be traced into
slumped wadl plasteral the edge of the Patsy Springs

PRk, KOHL CTORR ) Creelagical Tistory ad g af e it
frowrazeie boress il Conyon Conoples. Adelaide
fansymeiing S PREY theses Bielers Universily of Sonh
Austialia b,

canyon (Dyson 19950 On the sobth limh of the
Muaunt Goddard Syncline, the Burr Well Menher of
Di Bona (19899 consists of mature. medinm-
gruimed, swaley cross-siratified, carbomdite-cemented
sandstone or - intraformational  conglomaerate with
cdgewise clasts ol dolostone, and passes. lulerally
into stromatolitie dolostone (see Fg. 11, A hasal Tig
comprises digpine detritus. Where the Wearing
Dolomite displiys such uncontormity, it is detined s
the Bur Well Member i the sense of D Bona
(19%9"),

The buse of the Wearing Dalomine 1= mnterproted 1o
he w deep water sequence houndary, A masimum
flooding surfuce al the top of the Bunyeran
Farmation may  colneide  with this  sequence
boundary. The diffuse base of the Wearing Dolonite
suggaests that carly post-deposttional delomitizahon
wok place on o sediment-staryed hiatal surface.
Wavy Lo paraltel Tomimagon and micro-HCS Turther
suggests deposition below storm wave hase (ep.
Dyson 1995). The Wearing Dolomite can be traced
inte the Burr Well Member on the south limb of the
Muount Goddard Synchine. The Burr Well Member
was deposited inoa storm-domimated shoreface 10
tide-dominated. fugoonal envirconment  Tts sharp,
crosional base is 4 combined sequence boundary/
transgressive surkiwce, The “wall plaster veneer”
wus deposited on the canyon shoulders, It s
inferpreted fo be coeval with deposition ol the
Wearing Dolomite and unit W2 of the Wonoka
Formation (Fig. 11).

The Wearing Dolomite. 1ogether wilh the Wonoka
Formation, is present on the Stoart Shell where it e
be observed in drilleore (e.g., Bopeechee 2 at 3672
m). A possible Wearing eéquivalent. only a few
centimetres thick, crops out south of Bill's Lookeoul
near the northi-western side ol Lake Torrens within
what ways previously interpreted ws Yarloo Shale
(fahns ar al. 1966). This suggests thit the Wearing
Dolowite transgressed the Stuart Shell prior o
deposition of the Wonoka Fornation.

Wemnerka Formation

The Wearing Dalomite is overluin by unit W2 of
the Wonoka Formtion, consisting of grevish red,
fine-grinned sandstone and inlerbedded calwnrcous
shade, Tt grades upward inra the  domimantly
culgurcons shale of unit W3, The suecession
represented by units W2 und W3 iy averall
transgressive. A colour  chiamge o arechish
limestones in the middle section of anit W3 marks
the baxe of regressive sedimentation in the Wanoki
Formation (Fig. 1),

The: lithofcies units W3-7 inclusive of the Wonoka
Formution display an averall upward sunding trend.
10 eulminates inoo thick, storm-dominated, mived
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carbonate/siliciclastic succession. commonly displaying
HES (Haanes [988) that was deposited inoan inner 1o
middle shell setting, Units W3-7 ol the Wonoka
Formation. as inwerpreted by Haines and  other
workers, represent regressive sedimentaion from
initinl deposition helow  storm wave  base Lo
deposition above fuirweathet wave byse.

A number of metre-thick, greyish red, meditin-
wrained  sandstone beds inounil W7 that are
charactenised by SCS  may  represent  foreed
regressive deposits associutad with o falling skige
systems et (e, Dyson 1996¢). I the Apgepena
Syneline o discontormity at (his stratigraphiv level s
overfuin by w several metre-thick medium-grained
sundstone that inomany places displays horizontal-
planar lumitpation and - SCS. T is anerprered @
represent deposition on the lower shorelaee i st
marine enviranment. D1 Bona & von der Boreh
(1903 interpreted  lowstand deltal this levelin the
Uimberatani Syneline. Unit W7 s overlin by
suecession ol shallow  jnarine sandstone and
carbonate ol fidol and lagoonal vrigin (Huines 1990)
that correspands o units WHE- 11 Occimionally, these
uinits cun be observed o grude upward o e wed
shigle and simdstone ol the Bonmey Sundstone, c.g.,
near Mount Goddad,

The T-R eyele ol the Depol Springs Subgroup 15 un
unconfarmiry-timunded, third-order depositional
sequence. The canvon Gl wepresented by wnits W,
W2 il o fesser extent W30 conshitute the
transgressive cyele of the Depot Springs Subgroup.
Deposition of unit W1 o the canyon [ wais
chntemporieous wirh deposition o (he Wearing
Dalonmte on o sediment-starved  Tiatal soface. A
possible condensed seetion is represented by unil
WA, The mieddle of this unit corresponds w i b
colonr change and inerease in Hme contept, A
e imum Heoding surtiace may be contumed withim
e WA s s therelore equated with a downlap
stefaee T s gvertain by the regressive Tinlinfacies ol
e Wonoka Foration,

Subanaiine conyriny

The Wearing Dolomite was developed adjacent (o
Ionngor submurine anconlormity on o sediment-
staryved Tigdal surfaee that corresponds to g combined
sequence boundary and nigor toading surfpee
(yson D951, 10 can he observed o pass Liierally
e slump brecdiolus nn the shoulders ol subrarine
cunyons. e, e Beltana Hille south limh of
Angepena: Syncling. On the north Titnh ol the
Anpepena Syncline, the Wearing Dolomite consists
ol fwa dofostones that are separated by some 20 m of
shales The upper dolostone overhies the trupcated
edge ol w Ipwer dolostone, sugeesiing canyon
crosion occurred  hetre deposition ol (he apper

dolostone. Furthermore, unit W2 overhies the il of
the Parsy Springs canyon in the Angepena Syncline.
Retrogressive slumiping on the outer shell was the
precursor (o canyon incision, and proceeded up 1o the
fevel of unit W3 in the Wonoka Formulion which
marks the twrn arownd  from ransgressive 1o
regressive sedimentation i the Wonoka Formation
(Rig, 1 This interpretation questions the timimg ol
earliest canyon incision expoiided by o workers
thal coincided with deposition of units W3, W4 i
WA (e.p.. Haines 19875 Di Bona 1989 Chrishie-
Bhick ¢ el 1990, 1995),

Lippre sequeni honndary

The Bonney  Sundstone alien displays o sharp
though apparently conformable contact with the
anderlying Wonoka Fovmation, Howeser,  the
relationship becomes disconformable m the vicinity
ol diapies. Adjacent te some diapirs. ep Pinda
Diapiv an COPLEY  und  Prome  Diapic on
PARACHILNA, the Bonney Sandstone displays an
vneonlormable  relationship with  the Wonoka
Formation (Dyson unpubo). Thase the buse ol 1he
Bonney  Sandstome of the Pound  Sohgrowp s
witerpreted s 4 scquence houndary., Dyson (19851
[ QU unpub ) stggested il the developrent of
severdl  prominent  aneoplormnities or segueie
boundaries within the Umberatina and Wilpena
Groups was associated with perinls of active and
passive dvspresm. which o e was related o major
eatcusopal - events  during breakeup ol e
\IL’U[’FUK‘I’ WANL Nl[)t'lt'l'lltlll(.‘”l.

[Hscussion

The wse of sulecrompe as o iccaforminybessinded wnit

The previous use of saberoup inoa litho-
siafigrophic sense has caused problems in regional
mapping programnies. A gond example iy fhe
ditferentiation ol mierglacial  deposas i the
Uinberatant Graup, They embrace the  Faring
Subhgroup (Coats ¢f gf. 1969 Thompaon 1909) and
the Willochra Subsroup CLhomsan  (969). 1he
intention of (he term Farina Subgroup was o ijelide
all  relatively deeper water sediments,
contraelistinenion fram the dominantly shallow water
redheds of the Willochra Subgroup (Coats & Preiss
LORT), Phere has been inconsistency inapplication off
(the terms. espectally 1 some anpsitionl regions
whaere [acies intertongue orare mlercalated (Coats &
Prewns 1Y87). The southern portion ol PARACHILNA
i such aregion where o busis for this distinetion is
warranted.  ‘Therefore. o revised  swatipraphic
pomenclature of the interghcial deposits could be
bascd on differenteiton of subharonps s o genetic
HEE R s O] SEGQUeiee ST Erphy
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A sequence steatigraphie Tromework  for (he
Linberatana und Wilpena groups is shown in Fig. 2
and s based on dilTerentialion of subgroups as a
penetic unit. An - unconformity-hounded sequence
meorporates the Tindelping Shale and Tapley Hll
Formation Similuly, ain unconformity-hounded
seguence iy defiped by the top ol the Tapley Hill
Formalion (o near the top of the Etina Formation, and
anoverlying sequence 1s capped by an unconformity
ar the base of the Elating Formation, The Willochir
Subgroup previously weluded the Marinoan glacials
ol the Elating Formation (Thomson  1969). The
Elating: Focmation s capped by dolostone ol the
Nuccaleenn Formation, the basal unit of  the
Sandison Subgrodp. The Sandison Subgroup iy
unconformibly overlain by the Aruhna Subgroup
that comprises the Wileolo Sandstone and Bunyeroo
Formution. The Arubna Subgroup is in o (uen
unconformably overlain by the Wearing Dolomite al
the buse of the Depot Springs Subgroup (Fig, 2). A
sirfur scheme was proposed for the Kanmantoo
Group of Cambrian age (Dyson 19951). More work
5 reguired o dilferentinte genetic uits within the
Pound  Subgroup which contains possibly  two
upcotiomity-bonded  sequences, wilh sequence
bonndaries al the buse of the Bonney Sundstone and
Ediacira Member ol the Rawnsley Quartzite (e.g.,
Dyson. 19957).

Lithostratigraphic, biostratigraphic and  chrono-
steatigiaplie wits will continue 10 be used as the
bises Tor most struligraphic studies. However, the use
ol unconformity-bounded  amts 15 invaluable n
husing where the development of strafigraphic nits
was controlled by tectanie episodes aiid custalic sea
level eycles, T osuch basins, ez, the Adelaide
Geosyneline, wnconformities pass laterally into
correlative confarmities  where vaditional  strafri-
praphy is unbikely 1o dilterentiate the lateral and
vertical extent of genctic gnits above and below the
sequence boundary, Thus, the use of unconlormity-
bonnded ynits can contribute o the understunding of
the strtigraphy and gevlogic history of o basin, it
et provide the framewaork for regional stratigraphic
frmework. and W can enable the mapping and
capression of stratigraphic concepts for which other
stratigraphic units are inadequate (Salvador 1994,

A hierarchy of unconformity-bounded anits can be
lormulated by determining sequence orderin o basin.
Mitchum & Van Wagoner (1991) proposed a
sequence boundary erarchy of five orders on the
frequency ol boundary occurrence. Alternatively,
Embry (1993) suggested five orders of sequence
houndaries based on the nature of the boundary. The
latter method is possibly Tess subjective, However, il
every puir ol unconformities is used to recognise and
name an unconformity-hounded unit such as in the
case of the Cardium Formaton ain the Cretaceous

Western Tnterior Seaway of Canadic (Walker 1990),
the strangruphic units would grow unmunageahly
(Sulvador 1994). The nse of the subgroup ws o
depositional sequence o (hird-order cyelicity
thereby usefully  hmits  the  establishem ol
meaninglul and usclul stratngraphie units on o
regional and inter-regional basis.

The sientficance of dolustones capping Adelaidean
NCYUECHTeN

The Wearing Dolomite of the Depot Springs
Subgroup was developed adjacent (0 o major
submarine unconformity on a sediment-starved histal
surface that corresponds o o combined sequence
boundary and major flooding surface. There are other
dalostones or units containing signilicant amounts of
dolostone  that are associated  with  sequence
bounduaries 10 the Umberatann and Wilpena Groups

(Fig 2). They ware the Warcowie Dolomite. the
5 T
4
A
Warcowie
Dolomite
0t 1
I Tindelpina
NG Shale
o SAMPLE LOCALITIES
o 1: MUNDAWERTINA WELL
_5 | | 2: SHEPHERDS BORE
= 3. UPALINNA DIAPIR
- 4: WILLIPPA ANTICLINE
42 5: ARTIPENA HUT 5
A
Arfipena
Dolomite Mbr.
_1 0 = 4
i Nuccale{xeno 1
- y F i
Wearing Dolomite parren
Ulupa 1
1 Siltstone &
-15 x
=10 —5 o

a'*C PDB %,

Fig. 13 Isotopie dat for Adetaidean stolostones (hised on
Dysoii 19D51)
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Tindelping Shale and the Nocealeena Formmtion, all
ol which Gip seguences of glacigenic ariging They
are commoanly referred 10 as cap dolostones (e,
Williams 1979). Anather dolostone occurs within the
lower Enorama Shale and is prominent on south-cast
PARACHILNA. ¢ 2., between the Willippa Antichie
and Martins: Well Dome. Tt 1s formally referred 1o
here as the Artipend Dolpmile Member of e
Enotarmu Shale and a type section is designuted 2 km
south of Artipena Hot (Fig. 3) Heres it consists of
twao thin CLOSS0 ey dolostones that are separated by
A m ool greyizh ved shale, and marks the transithon
from  hansgressive o overlying  regressive
sedimettudon of the Enorama Shale.

These dolostones of the Umberatana and Wilpena
atoups display stmilae charaeteristics dand are
inlerpreted W have heen depositedd pnomayor Nooding
soffaces pnder cold witer conditions. Thaeir isolopic
dari, based on Dryson (19950 in Fig. 13 display two
apparent tends, The carbon isotope values show
shft o more pegative vilues with possible incredse
meowailer deplh, aceompaned by s pcrease
diagenesis Thiy suggests thal the Wearing Dolomile
wits deposited i greater water depths than the othey
dotostones and was most sasceptible 1o secondary.
post-depositional alteration. The oxyten isatope
values shoyw a shift fo o pegahive §H0 above (e
straligraphic level af (he Warcowie Dolomile. 1160
Is sensiove o femperaree changes: then il might
show o similios trend oo relative water depth s
suggested by 6'C eg, Baum eral. 1994). However.
the shift to more negatve 60 above the Warcowic
Dalomite is interpreted Lo reflect the overall nerease
in - palacotwenperature lollowing  the  Sturtian
glactation. This imterpretition must be viewed with
cantion, particulacly with respect W the Wearing
Dojorite, becise of overpriits associated  with
secondary, post-depositional allerafion. Depesition
nl the Warcowie  Dolomite in a glacigenic
environment is suggested by the presence of
dropstones  (Dyson 19951 1996b).  Pulaco-
temperatdres [or the Neoproterozoic dolostones are
thought (0 runge from 5" O Tor the Nuccaleenda
Formation and Wearing Dolomite. 1o <57 C for e
Warcowie Dolanile (C L Rag pers, comnm, 1995),

Facl ol the dolostones was deposited on «
maximum  ooding  surface  associited  wath
terrigenous sfarvation, The Milendelly Timestone, a
carbonate of Cambrian upe, occupics w simfar
stratigriiphic position in the Kamnanto  Group.
Inesed valleys are associated with the Milendella
Lamestone and Seaclit Sandstone (Dyson & von der

Boreh 1994: Dyson  1996d). Prograding  slope
compleses are assocuited with the Tindelpma Shale.
Sueh units are considered 0 be the downslope
equivalents of incised valleys (Mitehunief af. 19Y3).
A perlinent guestion as why dolostones of (he
Wearing Dolomite and Warcowie Dalomite do nol
appear 10 be wssoctinted with incised vedleys that
show  dominantly <hallow  water (eatures. Major
exlensional evenls coinciding with depositon of
these units, together with high rates ol subsidence.
resulted mono Bl meorefutve sea level and precluded
development of sandy highstind fucies, Instead.
dofostones cap retatively deep watet sediments of the
Bunyeroo Formulion and Holowilens Tronstone
respectively. Buch dolostone s developed vn an
Dbl surtace thit representad u period ol terigenous
starysion. I ench case, this surfiwe ¢an be followed
into the submirine anconlormily where o major
canyon wiy possibly cul on the ouler shell In such a
setting. a Hexural tesponse of the contnental margin
muy have occurred a8 an isostane readjustment o
Gainyont crosiop (MeGinngs o «f, 1993), Tor o wide
continental shelly Teaural uplift of (he outer shelt
wauld pal have influenced  the position ol (he
shoreline. resulting 30 erosional uncanformity
developed only seross the distal shell (MeGinns o
al 1993) The hintis generated wonld e greatest
across The distal shetl wnd decrease i a landwagd
direction. Incised valley [ills ot the Seachll
Sanistone and Milendel e Limeswne are overall
transgressive but display rekitively shallow  water
features ot their hase. Sequence boondaries at the
bage of tiese mesed valleys were formed during
lesser extensional cvenls when (he degree of
subsidence was relatively small o mare fthely, when
the widith of the palacoshell” was relutively narmow.
Thusy, o Call in relative sea level on the puter shell
resulted in subaerial incesed valleys comprising basal
(Tavial 10 estuarine deposits,
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